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—  3CS  Constellation  (3  S/C)  December,  2001 

Target  2003  flight  on  Shuttle 
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Environment  T°  Room,  LN2-cooling 


FMMR  Experiment  Setup 


FMMR  Experiment  Results 

Typical  Temperature  Profile 
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0  nano-Newton  Thrust  Stand 
Current  Configuration  in  CHAFF-II 
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deflection.  (Mid  2001) 

Thrusts  measured  down  to  90  nN.  (Mid  2001) 


nNTS  Arm  Extensions 


added  to  opposite  side 
to  maintain  symmetry 


Thrust  Stand  Traces  (-700  nN) 
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Mass  balancing  and  symmetry  appear  to  have  a  significant 
impact  upon  the  environmental  noise  of  the  system. 
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Noise  Contributions 
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Deflection  Measurements 


Deflection  versus  stagnation  pressure  for  nitrogen*  helium,  and  argon 


Calibration  Techniques 

Direct  Simulation  Monte  Carlo  technique  for  high 
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available  DSMC  results. 


Orifice  Flow  Theory 


model.  Three  primary  contributors: 


Effect  of  Drift  V elocity 


is  the  number  flux  with  no  bulk  flow 
•  Velocity  drift  increases  thrust  by  a  maximum  of  0.36%. 


Effect  of  Unknown  Gas  Temperature 
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collisions 


Effect  of  Finite  Orifice  Thickness 


DSMC  versus  Analytical 


3  (nN)  (analytical) 

88.98 

144.4 

214.6 

354.9 

539.1 

725.5 

3  (nN)  (DSMC) 

88.88 

145.1 

216.2 

358.4 

545.2 

734.1 

£3 

167.1 

102.9 

69.3 

41.9 

27.6 

20.5 

P0  (mTorr) 

0.85 

1.38 

2.05 

3.39 

5.15 

6.93 

<o 

rZt 

"Zj 

13 


u 

T3 

£ 

a 


o 

a 

•  rH 

43 


u  * 


Q  « 


a 

a) 

<U 


X> 


o3 


o3 


£ 

5  J= 


c/d 

a) 

a 

o 


o 

00 

•  rH 

c3 

d,.: 

g  g 

°  o 

u  £ 


with  Kn  =  167.1  and  less  than  2%  for  Kn  =  20. 

Small,  anticipated  effects  of  collisions  are 
indicated  at  Kn  =  20.5. 


Calibration  Errors 
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Thrust  Calibration  Line 
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Deflection  (Arb.  units) 


Helium  Thrust  Results 
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Deflection  (Arb.  units)  „ 

Thrust  versus  deflection  for  helium  plotted  with  calibration  line 


Calibration  Application 
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Deflection  (Arb.  units) 


Facility  Effects 


Normalized  deflection  for  nitrogen  as  a  function 
of  facility  background  pressure 
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-  Versatility 

Facility  effects  from  changing  background  pressure  cannot  be  ignored 
in  typical  micropropulsion  vacuum  facilities. 


